In September 1988, 100 of 300 yearling dairy heifers developed blindness, tachypnea, foaming at the mouth, chewing, and facial fasciculations. Twenty-five animals died. Lead toxicosis was diagnosed based on the clinical signs and the presence of excessive concentrations of lead in whole blood, liver, kidney, and rumen contents of affected animals. The source of the lead was Sudan grass silage that had been contaminated by soil that contained up to 77,000 mg/kg of lead. Lead concentrations were determined approximately 7 months after the acute episode of lead toxicosis. Whole blood and milk samples were obtained from heifers and a group of control cows 2 weeks prior to (blood only), at the time of, and 2 and 4 weeks after freshening. No lead was found in any of the milk samples (detection limit = 0.055 mg/liter). Animals that had been severely affected by lead toxicosis experienced a transient increase in whole blood lead concentrations at freshening that was not high enough to be considered toxic. No similar increases in blood lead were observed for control cows or heifers that had experienced milder toxicosis. These findings suggest that at parturition lead is mobilized into the blood of cattle previously exposed to excessive lead.
Toxicosis can occur in cattle after ingestion of toxic minimizes the lead residues in soft tissues. We are amounts of lead from a variety of sources such as auto unaware of reports detailing any effect(s) in cattle of batteries, discarded crankcase oil, paint, solder, greas-rapid mobilization of bone tissue due to parturition es, oil well pipe dopes, asphalt, and roofing material. Clinical signs of lead toxicosis in the bovine include depression, blindness, diarrhea, rumen atony, saliva-and milk production on the concentration of lead in blood and milk. Therefore, this study was undertaken with dairy heifers 7 months after a clinical case of acute tion, facial tremors, and dyspnea. These signs may progress to recumbency, "chewing gum" seizures, and lead toxicosis. death within 24 hours to 10 days of exposure. 11 Initially, the recommended treatment for lead toxicosis in cattle is calcium ethylenediaminetetraacetic acid (EDTA) chelation. 11 Once absorbed by the gut, lead is rapidly distributed to soft tissues by the blood, in which 70% of the lead is carried in the red blood cells. 7 Lead has a relatively short half-life of 1-2 months in blood and soft tissues. 
Materials and methods
Case history. In early October 1988, 100 of 300 pregnant holstein heifers in the San Joaquin Valley, California, developed blindness, teeth grinding, increased salivation, rumen atony, facial tremors, dyspnea, lateral recumbency, and "chewing gum" seizures. Twenty-five heifers died, some within 24 hr after signs were initially noticed. Postmortem examination of animals revealed no lesions. The cattle had been fed an equal mixture of Sudan grass haylage, corn silage, and alfalfa. The water source was a local well. Samples of whole blood, liver, kidney, rumen contents, brain, and ocular fluid were obtained from several animals for toxicologic analysis (Table 1) .
Analyses. Environmental samples of feeds, water, and soil were obtained for toxicologic analysis ( Table 2 ). There was evidence that soil had been scooped up recently with the Sudan silage ( Fig. 1 ). The whole blood, liver, kidney, rumen contents, and environmental samples were all analyzed for lead concentration as described below. Nitrate was quantified in ocular fluids using ion-column chromatography. 10 A brain sample was tested for sodium concentration using an Inductively Coupled Plasma Spectrometric (ICP) method similar to that described below. Livers and feed samples were ana- Table 1 . Lead concentrations in blood, liver, kidney, rumen con- Table 2 . Potential sources of lead in a case of bovine lead toxtents, and milk in cases of lead toxicosis in dairy heifers.
icosis.
lyzed for cyanide concentration using the picrate method. 11 The brain and silage were cultured for potential bacterial and viral pathogens using standard methods. Severely affected animals were treated with 73 mg/kg body weight 2 of Ca-Na 2 EDTA a (mixed to a concentration of 250 mg/ml in 50% dextrose) via IV injection BID for a 2-5-day period.
The sample volume was 10 µ1. The matrix modifier was 5 µ1 of 1% NH 4 H 2 PO 4 + 2% NH 4 N0 3 . e Calibration standards were 0, 20, 60, and 100 µg/liter Pb in matching diluent. Atomic absorption was measured at 283.3 nm. The furnace program was dry at 120 C for 40 sec, ash at 800 C for 20 sec, atomize at 1,800 C for 5 sec, clean at 2,400 C for 5 sec. The detection limit in blood or milk was 0.055 mg/liter and in water was 0.002 mg/liter.
Experimental design. Lead concentrations in blood and milk before and after parturition were determined 7 mo after the acute clinical toxicosis. Three groups of cattle were studied. The 8 heifers in Group 1 had experienced lead toxicosis but did not require EDTA treatment. The 4 heifers in Group 2 had experienced lead toxicosis severe enough (based upon clinical signs of blindness and seizures) to require EDTA treatment. The 14 cows in Group 3 had not been exposed to the lead. Whole blood samples (EDTA anticoagulant) were obtained from the cattle at 2 wk (18 ± 16 days) prior to (baseline), at (0 ± 1 day), 2 wk (15 ± 3 days) after, and 4 wk (27 ± 5 days) after parturition. Milk samples were obtained at parturition and 2 and 4 wk later. The statistical analysis used was the Analysis of Variance for a Repeated Measurements Design. 4,6,l3 Left-censored data were handled by inserting a random number between 0 and the detection limit for each measurement that was below the detection limit. 5 Differences between group means were analyzed using single degree of freedom contrasts. Before vs. after parturition differences within groups were detected using single degree of freedom contrasts for the C-matrix. 9 ,13 A significance level of α = 0.05 was used.
Tissue and soil samples were analyzed for lead by an ICP f multielement screen. One gram of tissue was digested with 3 ml of concentrated HNO 3 g in a 10-ml digestion tube. Five grams of soil was digested with 10 ml of concentrated HNO 3 in a 100-ml digestion tube. The samples were heated on a programmed digestion block h : 60 min at ambient temperature, ramp over 60 min to 70 C and hold 30 min, ramp over 30 min to 175 C and hold 90 min. The samples were diluted to volume with deionized water. The sample was introduced at 1 ml/min into the torch by a concentric nebulizer.' Plasma emission for lead was measured at 220.353 nm with off-peak background correction at +0.060 nm and an interelement correction factor of -0.00040 for iron. Certified Reference Materials of soil, j bovine liver, k and lobster hepatopancreas l were used for quality control. Recoveries of lead in Certified Reference Materials ranged from 89 to 106% with a detection limit of 0.9 mg/kg. Lead analyses. Lead in water, blood, and milk was determined by Zeeman-corrected Graphite Furnace Atomic Absorption (ZAA). b Samples of whole blood or milk were mixed in a rotator until homogenous, then 50-µ1 aliquots were diluted to 1.00 ml in 0.05% Triton X-100 c and analyzed without further treatment. Water was analyzed without treatment. Standard blood controls contained lead concentrations of 0.29 mg/liter and 0.66 mg/liter). d The control for milk was a commercial homogenized whole milk. The furnace used a pyrolytic carbon-coated graphite tube with a L'vov platform.
Results

Case investigation. Samples of ocular fluid from 4
cattle that died contained < 10 mg/liter of nitrate. Likewise, liver and silage samples contained <0.1 mg/kg of cyanide. The brain sodium concentration was 1,800 mg/kg. The brain cultured negative for Hemophilus somnus, and the silage cultured negative for Listeria sp. Samples of blood, liver, kidney, and rumen contents all contained measurably high concentrations of lead (Table 1) . A sample of milk from the bulk tank (milking cows were from another site, yet were being fed silage) contained no detectable lead. Environmental samples contained background concentrations of lead with the exception of the Sudan haylage, which contained 311 mg/kg of lead. The soil underlying the Sudan haylage pile contained up to 77,000 mg/kg of lead ( Table 2) .
Clinical signs in severely affected animals improved markedly following CaNa 2 EDTA chelation. This finding was not accompanied by whole blood lead quantifications.
Experimental results. No lead was detected in any
of the milk samples that were obtained from heifers around parturition. All of the individual mean whole blood lead concentrations were less than the detection limit of 0.055 mg/liter for Group 1 and Group 3 cattle. The mean whole blood lead concentrations for Group 2 cattle were all above detection limits and, as a group, were significantly higher (P < 0.05) than those from other groups. The mean for the second blood sample (parturition) from Group 2 was significantly higher (P < 0.05) than pre-and postpartum samples from that group (Table 3, Fig. 2 ). Additionally, several individual samples of blood from Group 1 also became elevated during, or shortly after, parturition.
Discussion
The clinical signs, blood and tissue lead concentrations, and negative nitrate, cyanide, and culture results were consistent with a diagnosis of lead toxicosis. Additionally, the brain sodium concentration was near the 1,800 mg/kg expected for normal cerebral tissue. 11 The reported CNS derangements, blindness, and rumen atony are all similar to those signs previously reported for lead toxicosis. 11 Three of the 4 whole blood samples obtained from clinically affected animals contained lead concentrations >0.35 mg/liter, which also suggests acute lead toxicosis. 11 Tissue lead concentrations were within or greater than the 1-10 mg/kg range that supports significant lead exposure and diagnosis of lead toxicosis in the presence of the appropriate clinical signs. 11 Lastly, the diagnosis is supported by the fact that affected animals responded well to chelation therapy.
The source of lead in this case was determined to be the Sudan haylage, which contained a lead concentration over twice the 140 mg/kg dietary threshold (from silage) for causing toxicosis in cattle." The haylage was probably contaminated during loading when it was mixed with underlying soil, which contained a very high lead concentration. The source of lead in the soil was not determined.
Lead was present 7 months after acute toxicosis in Table 3 . Effects of parturition on whole blood lead concentrations (mg/liter) of heifers that had suffered lead toxicosis and did not require EDTA therapy (Group l), that had lead toxicosis and required EDTA therapy (Group 2), or that were not known to be exposed to lead (Group 3). For means <0.055 mg/liter, SE's were calculated using random variables between 0 and 0.055 mg/liter for each point. samples taken before parturition in detectable concentrations in several animals from exposed Group 1 and 2 heifers. The mean initial (before parturition) lead concentration, however, was above minimum detection limits only for Group 2. The reason for the higher lead concentrations in Group 2 animals was probably that they had been more severely affected during the acute crisis and thus had higher lead burdens. It could be argued that Group 2 had a higher burden that was in some manner related to the EDTA treatments. This hypothesis is unlikely given the short half-life for CaNa 2 EDTA (20-60 min 3 ) and the fact that several animals from Group 1 also had elevations in blood lead at parturition. The reason for the difference between Groups 1 and 2 was not identified in this study, and unfortunately, the animals studied 7 months after the acute crisis were not the ones tested for lead during the crisis.
At parturition, there is a large need for calcium, which is provided in the short term by mobilization of skeletal stores.' Therefore, the transient increase in blood lead levels for Group 2 heifers at parturition was Figure 2 . Plot of mean whole blood concentration (&liter) versus sample. Sample 1 was obtained 2 weeks prepartum (baseline). Sample 2 was obtained at parturition. Samples 3 and 4 were obtained at 2 and 4 weeks postpartum, respectively. Three groups of cattle tested were as follows: Group 1 heifers had suffered lead toxicosis and did not require EDTA therapy, Group 2 heifers had lead toxicosis and required EDTA therapy, and Group 3 cattle were not known to be exposed to lead. There was a statistically significant (P < 0.05) transient increase in whole blood lead associated with Group 2 heifers at parturition. most likely due to mobilization of lead from bone. This is consistent with indirect evidence that suggests that childless women will shed more lead during bone mobilization of menopause than those who had experienced bone mobilization due to childbearing. 12 Although there was a transient increase in whole blood lead at parturition in Group 2 heifers, concentrations did not reach diagnostically toxic levels of 0.35 mg/1iter. 11 The lead also did not reach levels that were detectable in the milk. These findings indicate, however, that at parturition lead is mobilized along with bone calcium. Given such mobilization, cattle that freshen <7 months after an episode of lead toxicosis might mobilize sufficient lead to suffer clinical signs of toxicosis or contamination of the milk (0.1 mg/liter is the FDA limit on canned milk 3 ) at the time of parturition. Similar consequences might also result in cattle exposed to levels of lead higher than these reported.
Lead toxicosis in cattle still occurs. The long-term storage site for lead is the bones, and during parturition, the mobilization of bone can increase the cow's blood lead concentrations. The effect of this mobilization was not dramatic in terms of inducing toxicosis or causing contamination of milk in the cattle studied here. Nevertheless, this study points out the potential for hazards in more severe or more proximate cases of lead toxicosis in dairy cattle.
